INTRODUCTION
With the increasing on the demand power, the electrical grid extended and classified to generation, transmission and distribution [1] . This increasing is required to improve the system by the new sources as the renewable energy. The renewable energy sources are considered more economic and high clean energy for the environment [2] . To link the renewable sources with the power system, its important to save the system with stable operation [3] . The increasing loads and the power system extension system can affect on the voltage stability and the unstable reactive power [4] . The Flexible AC Transmission System Devices voltage (FACT) is considered the optimum techniques to save control the system voltage and to save the feeding loads [5] .
Stability in the power system is defined as the accurate operation of the system by recovering a state of operating balance after any abnormal condition such as faults, over or under voltage cases at switching time, load rejection and at loss of excitation [6] . Over Head Transmission Line (OHTL) is the one from main parts in the power system that transmits the power from the generation to the electrical loads [7] . OHTL is the most part that's face the faults in the system. But, it's impossible to direct link between different frequency networks such as 50 Hz and 60 Hz directly, so HVDC can solve this problem, for example, the link between Egypt and Saudi Arabia is considered as a research problem in this paper. This multi-terminal HVDC project works at a DC voltage of 500 kV and a power rating of 3000 MW is investigated in this research [8] . This project involves 1500 km of DC OHTL and 16 km of DC marine cable. This system can be operated to transmit or receive power between two networks using AC/DC/AC converters. HVDC is characterized by low power losses compared to HVAC system. Also, HVDC can transmit power for very long distance economically than HVAC system as illustrated in Figure1. HVDC has been extensively deployed in submarine applications compared to HVAC system. The HVDC has the unusual ability to connect asynchronous networks; this capability will extend in the future with greater numbers of micro-grids and more using of renewable energy systems in modern power systems [9] . Furthermore, HVDC technologies can provide stability with controlling of power flow, and the ability to segment parts of the power system all of which can enhance the grid's flexibility, reliability, and resilience [10] . This paper discusses the HVAC transmission system and HVDC operation system at stable condition, also shows the fault current result at faults due to HVAC and HHDC system to be used with transmission system.
Figure1. Characteristic Curves for the Relations between Cost with Distance for HVDC and HVAC.

STABILITY IN HVAC AND HVDC SYSTEMS
The faults in OHTL are involves the arcing phenomena triggered by the dust, humidity and the weather factor. The underground cable faults are less frequent, but its more permanent, that's occurring due to the electrical or environmental stresses and insulation damage [8] [9] [10] [11] [12] . The protection system should be providing fast for operation, localizing fault, reliability, selectivity and take appropriate action to isolate the fault zone.
HVAC Transient Stability System
Figure2 shows the single line diagram for simple system contain two sources supply. Figure3 shows the power angle curve for the power system operation, where, atstable operations for the power system the system operates at δ 0 , the output of electric power produces by electric torque that equalized with the mechanical torque which applied to the rotor shaft for the generator [13] .At any fault in the system, its will leads to increasing in the load current, so at this moment the mechanical power for the generator not equalized with the electrical power for the electrical loads, this case known an unstable condition in the system that's will increase the power angle to 90 degrees. At this point, the load current could only be met by increasing voltage source E s , E R .Left source has a phase angle advance equal to θ, and this angle will vary during the fault [9] [10] [11] [12] [13] [14] . The power transferred from one source to another reach to maximum value P MAX when angle δ is 90 degrees, by increase the angle δ , this will cause a decrease of power transfer. 
HVDC Stability System
Basic rules in HVDC system at transmitting end is to convert HVAC to HVDC and at receiving end convert this HVDC will be converted back to HVAC. These changes can be applied by rectifiers and inverters, as shown in Figure4 and Figure5, respectively. The converter works in both ends should allow the power to flow in both directions by controlling the firing angle in both converters. Moreover, the important devices assist with this system are filters, thyristors, (IGBT) and Voltage Source Converter (VSC) [15] . The differential firing of the thyristors in two series-connected gates is used to produce a decrease in both the harmonic generation and the reactive volt-ampere absorption for the rectifier mode of operation [16] . Different strategies can be used to reduce harmonics in the line currents [17] [18] . There are various methods for controlling the HVDC in the multi-terminal grid but the protecting system is the main supporting. HVDC system still lagging HVAC systems, without rated protection devices and logic. But, by using double thyristors switches, the diode freewheeling effect can be eliminated and the fault in dc line can be calculated [11] [12] [13] [14] . This clears the fault without commanding trip to open the Circuit Breaker (CB), and can operate fast with automatic power transmission recovery, which considerably improve the dependability of the HVDC system. Fault action in the multi-terminal HVDC can be detected by supervising to any changes in some system parameters. The accurate methods to detect the fault by using three parameters, as suggested in, initial current change, rise time of the first wave front of the branch current and the oscillation pattern. Because of the time to clear fault is the critical command, so, using the local information at each VSC in their protection scheme is faster than using telecommunication system.
Figure4. Operating the Rectifier with HVDC System
Figure5. Operating the Rectifier with HVAC System
CLASSIFICATIONS FOR FAULTS IN POWER SYSTEM
Faults conditions in the power system can be classified related to the types of fault. Where, at the fault is three phases with the ground its known as the symmetrical fault, otherwise its known as unsymmetrical fault. The main reason of the fault is the insulation fails or one from lines touch with the ground [19] [20] . To analyze the fault, it's important to simulate the fault in three components that's positive sequence and negative sequence and zero sequence. Figure6a shows the positive sequence components are equal in magnitude values and the angle difference between each phase by 120 degrees with the same sequence as the original phases, also the currents and voltages follow the same cycle in typical counter clockwise rotation electrical system that's called the "abc". Figure6b shows the negative sequence components that's equalized in magnitude, the phase shift between phases is 120 o and its opposite phase sequence from the original system that's identified as "acb". Figure6c shows the zero sequence components that's three-phase equalized in magnitude and the phase shift between phases is zero. The zero sequence components are not presented at symmetrical fault.
Figure6. Analyze the Sequence Component in the Power System
Firstly, the Change in magnitude: a = 1∠120°= −0.5 + j0.866
(1) a 2 = 1∠240°= −0.5 − j0.866 (2) a 3 = 1∠360°= 1 + j0 (3) From these equations, useful combinations can be derived 1 + a + a 2 = 0 1 − a 2 = 3∠30° (4) Or
Any three-phase system of phasors will always be the sum of the three components. Positive sequence voltage is:
Negative sequence voltage is:
The original system phase components can be presented from Va, Vb and Vc
From equations (1) to (5) Zero sequence component
Negative sequence component
Va, Vb and Vc can be expressed in terms of phase "a" components only as:
This equation can be accomplished in a matrix form:
Equation (8) The corresponding currents for each of the sequences is:
At fault impedance Zf is zero,
Substituted into equation ( 
That's also, can be written as:
The voltage at faulted phase a can be obtained by substituting = 3 1 But,
With the results obtained for sequence currents, the sequence voltages can be obtained from Figure 11 shows two lines are shorted that consider unsymmetrical fault, where, F is the fault point with impedances Zf. Figure 12 shows the sequences network Line to line fault diagram [20] . The characteristic of line to line fault impedance magnitude could vary over a wide range making very hard to predict its upper and lower limits and at the impedance is zero so, it's very high fault current.
Line-to-Line Fault
From the figures
And the sequence currents can be obtained as:
At Zf is zero
The fault currents for phase b and c can be obtained that: 
Finally, at line-to-line fault the line-to-line voltages equations:
Figure11. General Simulation for Line To Line Fault
Figure12. Sequence Diagram of a Line-To-Line Fault
Double Line-to-Ground Fault
A double line-to-ground fault represents an unsymmetrical fault. Figure13 shows the double line to ground fault, where F is the fault point with impedances Zf and the impedance from line to ground Zg. Figure 14 shows the sequences network line to line to ground fault diagram [20] [21] [22] .
The major problem when analyzing this type of fault is the assumption of the fault impedance Zf, and the value of the impedance towards the ground Zg.
From Figure14, the analysis equations can be observed that: = 0 (36)
And the sequence currents can be obtained as: 
FAULT ANALYSIS SIMULATION IN HVDC AND HVAC
HVDC system and HVAC system are symmetrical for the reason of the expecting of the faults in the power system [23] . Furthermore, some failure in HVDC system can be created in the inverter and converter (AC-DC, DC-AC) stations [24] . OHTL is generally more expecting faults, such as lightning strikes than buried transmission systems [25] . Faults on cables are consider a permanent for damage, that's happen in the insulation and it isn't self-healing air like on OHTLs [15] [16] [17] . Also, the faults in the cables requires large cavity to identify the location of the fault to maintain and return the system to service [26] . This is dangerous for submarine HVDC cable systems, where replacement or maintain means raising the cable from the seabed, removing the failed part and replacing it with a new section. A fault on a submarine cable is therefore very serious and can result in the HVDC system being out of service for up to six months. To simulate and compare between faults in HVDC and HVAC, by simulating the HVAC system in Figure15 and HVDC 12-Pulse thyristor converters system in Figure16. This system is uses to link between 50 Hz system and 60 HZ system by transmission voltage 500kV, 0.8 lagging to transmit 2000 MVA. These systems have been simulated by using MATLAB/SIMULINK software with applying the fault near to receiving end bus and different positions, with considering the multi sources for this system. The following points show different cases of faults that might be happened in the terminals of HVDC systems:
Figure15. HVAC Power Transmission System
Figure16. HVDC Power Transmission System
Single Line to Ground Fault Analysis [Case:1]
The simulation results of both faults between HVAC and HVDC system at Single Line to Ground (SLG) fault [23] [24] [25] [26] are shown in Figure17and Figure 18 , where, SLG fault has about 85% from the OHTL faults. This comparison uses the same line parameters for HVAC and HVDC and line length.
Figure17 shows the result for SLG fault current values for HVAC system. Figure18 shows the SLG fault current for HVDC. Comparing between these two faults will prove that, the effect of SLG fault current is less in HVDC system compared to HVAC system. From results shown in Table ( 1), the fault current is higher with HVAC system compared to HVDC system.
Line to Line Fault Analysis [Case:2]
Line to line fault consider 10% from faults occurs in the system. Figure19 and Figure20 shows the fault current wave value for HVAC and HVDC systems, respectively. Table (1) shows the results of line to line fault results. It is clear from this results that, the fault current in HVAC system is very high compared to HVDC system.
Three Phases to Ground Fault Analysis [Case:3]
The simulation results for the fault current at symmetrical fault in HVAC and HVDC are shown in Figure21 and Figure22, respectively. 
Comparing System Status During Faults
From the discussion in the fault analysis between HVAC and HVDC system, it is noted that, the fault current in HVAC system effects on the phase fault more than other phases, and in HVDC system noted that's, the fault current effects on all 3-phases. By, study the generation system operation, it is found that, the increasing on one phase current can affect the mechanical part because the high unbalance current. So, the fault in the HVDC is more stable in the rotating part in the generator with comparing HVAC system. Figure24 shows the disturb voltage on HVAC system at SLG fault, Figure25 shows the HVDC voltage at SLG fault.
Figure24. 3Ph-Voltage at SLG Fault for HVAC System
Figure25. 3Ph-Voltage at SLG Fault for HVDC System
CONCLUSION
Nowadays, HVDC is very important in transmission energy between networking having different frequencies or in case of transmitting high power over very long distance. HVDC system has a lower cost compared to HVAC, also, the power losses with HVDC is lower than HVAC because of absence the inductance. This paper shows an overview of control and operation for the HVDC system that's can be used to link between two different frequencies. HVDC can easily connect different frequencies freely without affecting on the voltage stability. Furthermore, HVDC doesn't create reactive power, so it's more stable than HVAC. Also, this paper discussed the fault current analysis between HVAC and HVDC systems. This study used 500kV, 0.8 power factor lagging to transmit 2000 MVA power between two grids for 400 km. The study done under SLG, LL, and three phase to ground faults. The results show that, the fault current at HVAC is higher than HVDC, where for single line to ground fault the HVAC fault is 2.625 times compared to HVDC system. At line to line fault the fault current of HVAC fault current is 3.45 times the one for HVDC. For three-phase to ground fault the fault current of HVAC system is 3.35 times the one from HVDC. Also, at the fault condition the voltage system is stable for HVDC from HVAC system. 
